Diets of black-tailed jack rabbits (Lepus cutYfornicus) and composition of plant communities were compared among habitats that supported different densities of jack rabbits in sagebrush (Arlemisia tridentata)/perenniaI grass communities on the Idaho National Engineering Laboratory (INEL) in southeastern Idaho. Diets were more similar than vegetation among areas, indicating that jack rabbits feed selectively; winterfat (Ceratoides hata) and perennial grasses were staple foods, comprising about 80% of the diet in all areas. Jack rabbit densities were higher in areas having higher proportions of grass cover. Similarity between diet and vegetation was positively correlated with jack rabbit density and with the amount of grass cover in the habitat. Jack rabbits selected grassdominated areas for feeding at night and then fed as generalists on the grass species present.
abundant, was selected against. These results also conflict with Westoby's (1973) report that halogeton (Halogeton glomeratus) was the most important food item in jack rabbit diets.
We hypothesized that such differences among studies might have resulted from differences in vegetation and jack rabbit population densities of local areas that were sampled or from confounding effects of seasonal differences in diet (e.g. Johnson 1979) . The objectives of this study were to compare the composition of vegetation among areas having different population densities of blacktailed jack rabbits and to compare diet with vegetal composition in these areas. The results of this study are useful in understanding the distribution and feeding behavior of black-tailed jack rabbits on shrub-steppe rangeland.
Study Area and Methods
This study was conducted during the summer of 1980 on the Idaho National Engineering Laboratory (INEL). The INEL occupies 2,315 km* of the upper Snake River Plain in southeastern Idaho. Climate, soil, and vegetation of the INEL were described by Harniss and West (1973) and Anderson and Holte (1981) . The vegetation is characteristic of a northern cold desert shrub biome; big sagebrush (Artemisia tridentata) is the dominant plant on about 80% of the area (Harniss and West 1973) . Common understory species include wheatgrasses (Agropyron spp.), bottlebrush squirreltail (Sitanion hystrix), Indian ricegrass (Oryzopsis hymenoides), winterfat (Ceratoides lanata), and needle-and-thread.
Based on data from spotlight counts along backroads (see Johnson 1982) 11 study sites were chosen in June 1980; these areas represented a variety of population densities and plant community compositions. Eight study sites (SI-S8) were 50-m X 100-m in size, one (S9) was 30-m X 40-m (on top of a sand dune), and the 2 remaining sites (S 10-S 11) were areas from which vegetal data were taken in 1979. At the first eight sites, ten 50-m sample lines, oriented perpendicular to a 100-m baseline, were used to sample plant cover and to establish locations of pellet plots, which were used to estimate the population density at each site. At the sand dune site, six 30-m sample lines were used.
We sampled vegetation and diets only during June and early July to avoid seasonal variation in food availability and nutritional quality; this is the mid to latter portion of the growing season, a time of high nutritional quality of many plant species.
Plant cover was estimated by point interception (Floyd and Anderson 1982) . A 0.5-m X 1.0-m point frame was used; it consisted of 2 rectangular frames superimposed 10 cm anart. Fishing line was strung at IO-cm intervals in each frame to produce a double-sighting grid of 36 points. The upper and lower grid intersections were used as double cross hairs to vertically sight points. The frame was leveled using 3 adjustable legs, over a taut steel tape at l-m intervals, and all hits on stems and leaves of shrubs and forbs and basal areas of grasses were recorded. Data were collected from 100 placements of the frame within 8 sites, whereas 42 placements were read in the sand dune site. Percent cover for each plant species within a study area was calculated by dividing the number of points falling on a species by the total number of points sampled. Table 1 . Deta from study sitea including: (1) density of black-triled jack rabbits derived from pellet plot censusing, (2) relative cover (%) of gnsees, forbe, end shrubs In the habitats, end (3) relative deneitiee (%) of grasses, forbe, and shrubs in fecal pellets used in diet snalysis. Twenty I-m2 pellet plots per study site were used to estimate jack rabbit population density and to provide fresh pellets for diet analysis. Plots were not established on S 10 or S 11. Pellet plots were cleared in June 1980 on all sites except SS, which was not established until July 1980. Pellets were collected in July 1980 from all sites, and 3 replicate samples, consisting of 30 large pellets chosen randomly from each study site's pooled sample, were submitted to the Composition Analysis Laboratory, Colorado State University, Fort Collins, for microhistological analysis (Sparks and Malechek 1968) . Only large pellets were submitted to insure that cottontail (Sylvilagus nuttallii) and pygmy rabbit (Sylvilagus idahoensis) pellets were not included. At the Composition Analysis Laboratory, 5 microscope slides were prepared per sample; 20 microscope fields per slide were systematically located and examined at 100 power magnification.
Data taken from the slides were first expressed as per cent frequency of each plant species identified, then converted to density of plant particles per slide location, and finally converted to relative density, following Hansen and Flinders (1969) .
Statistical tests followed Zar (1974) with u = 0.05. Arcsin transformations were performed on the diet and vegetal cover data before correlation analyses because the percentage data covered a wide range of values (Steel and Torrie 1960: 158) . Diet and habitat vegetal composition were analyzed for similarity with Kulczynski's coefficient of similarity (Oosting 1956:77) . Preference indices for plant taxa or groups were calculated by dividing the relative density of a plant taxon or group in the diet by the relative cover of that taxon (group) in the habitat (Krueger 1972) . A preference index value greater than 1 indicates selection for that food, whereas a value less than 1 indicates selection against it. Reciprocal averaging ordinations (Gauch 1977) were used to obtain rankings of the study sites based on total floristic composition of either the diet or vegetation data. Spearman's rank correlation coefficient (Zar 1974 ) was used to test for a relationship between rankings of vegetation and diet.
Results
Census data from pellet plots (Table 1 ) and backroads spotlight counts showed wide variation in numbers of jack rabbits within local areas. However, for any given area the relative population density remained about the same throughout the summer of 1980. Based on spotlight census data collected regularly over the INEL (Andersonand Johnson 1982) . the black-tailed jack rabbit population reached a peak in 1981, 1 year after this study. The average population density during the summer of 1980 was approximately one-third of the peak value.
Vegetation of study sites varied markedly among areas (Table 1) . Sixty-six plant species including 11 grasses, 7 shrubs, and 48 forbs were identified on the 11 sites (Johnson 1982 ). On 6 sites, shrubs contributed over 50% of the vegetal cover. Shrub species composition varied among sites; only big sagebrush was recorded on all study areas. Green rabbitbrush (Chrysothamnus viscidtjlorus) was found at 7 sites, saltsage (Atriplex nuttallii)at 6, and winterfat at 3 sites.
Relative cover of grasses ranged from 4.5% to 60% among sites, whereas relative cover of forbs ranged from 1.7% to 8690 (Table 1) . Grasses found in a majority of the sites included wheatgrasses (primarily A. dasytachyum), Indian ricegrass, bottlebrush squirreltail, and needle-and-thread. Ryegrasses (Elymus spp.) were found on 5 sites. Forbs occurring on most study sites included members of the Leguminosae and Boraginaceae families, particularly the genera Astrugulus and Cryptunthu respectively, tansymustard (Descuruiniu spp.), little blazing-star (Mentzeliu ulbicuulis), and Russian thistle (Sulsolu kuli).
Black-tailed jack rabbits on the INEL ate a wide variety of plants; 43 taxa of plants including 11 grasses, 7 shrubs, and 25 forbs were identified in the fecal pellets (Johnson 1982) . Grasses formed the bulk of the diets, whereas shrubs and forbs, although recorded in diets from all study sites, comprised much smaller proportions (Table 1) . Only on 2 sites (S7 and Sl 1) did grasses make up less than half of the diets. At these sites, winterfat was the major food item (Table 2) ; these were the only sites where winterfat was abundant. For all sites combined, winterfat and 7 grass taxa comprised about 80% of the jack rabbit diet (Table 2) . Shrubs, other than winterfat, were not eaten in large amounts. Forbs comprised from 4% to 23% of the jack rabbit diet (Table 1) with only 2 groups, the Boraginaceae and the Leguminosae, found in diets from all 11 study sites.
Study site ranks from the ordinations of diet and vegetal data were not significantly correlated (Spearman's ~0.68, m.05). This was also true when the 2 sites having an abundance of winterfat (S7 and Sl 1) were deleted and the data were reordered (Spearman's r=O. 12, IQO.05). Thus, jack rabbit diets were not simply a reflection of plant abundance.
The mean rank of similarity indices based on diet data was significantly higher (U=S. 18; KO.05; Mann Whitney test) than those based on cover data across study sites (Table 3) . Thus, there was greater similarity among diets from the sites than there was among vegetation found at the sites.
The mean rank of food preference for grasses was significantly higher than that for forbs or shrubs (Table 4) , supporting Uresk's (1978) report that grasses were the most preferred foods of blacktailed jack rabbits in shrub-steppe habitats. At most study sites, all grass species present had preference indices greater than one (Johnson 1982) ; winterfat, prickly-pear cactus (Opuntiupolyucunthu), and members of the Boraginaceae and Leguminosae were the only other plant taxa for which jack rabbits consistently exhibited a preference. The high preference index for shrubs at site S5 (Table  4) resulted from low relative cover of shrubs at that site (Table 1) and a moderate amount of prickly-pear in the diet (Johnson 1982) . The relatively high preference index for shrubs at sites S7 and S 11 (Table 4 ) reflects the abundance and consumption of winterfat at those sites.
Jack rabbit density was positively correlated with total grass cover (rz0.82, KO.OS), but not with forb or shrub cover. There was no significant correlation between jack rabbit density and the JOURNAL OF RANGE MANAGEMENT 37(l), January 1994
relative proportion of any individual plant species in either the cover or diet data. The amount of grass in the diet was positively correlated with grass cover in the habitat (~0.85, KO.05) when study sites high in winterfat cover (S7 and S I 1) were deleted from the analysis. No such relationships were found for shrubs or forbs. Black-tailed jack rabbit diets became significantly more similar to the vegetation as jack rabbit population density increased (r=0.75, KO.05). Jack rabbit diets also became more similar to the vegetation of the habitat as grass cover increased (Fig. I) . No relationships between the similarity indices and shrub or forb cover were found.
Discussion
The distribution of black-tailed jack rabbits on the INEL in the summer of 1980 appeared to be related to the relative cover of grasses. Data from the study sites as well as our repeated observations along all backroad spotlight routes showed clearly that the highest numbers of rabbits were associated with areas having high proportions of grass cover (Table 1) . These data support Mac-Cracken and Hansen's (1982) report that black-tailed jack rabbits were found in higher densities in areas that had large amounts of grass biomass.
It could be that black-tailed jack rabbits require grassy areas for nesting cover and that this need might explain our observations of high population densities in grass-dominated habitats. If such were the case, we would expect to see numerous young jack rabbits in grass-dominated areas while spotlighting at night as well as nesting adults in grassy areas during the daytime. Our observations support neither of these predictions. Even during the peak year (1981) of the population cycle, we infrequently saw jack rabbits in grassy areas during daytime although they were commonly flushed and observed amongst shrub cover. Similarly, French et al. (1965) reported that high densities ofjack rabbits were found on the INEL in areas supporting a vigorous growth of shrubs; their census observations were made during the daytime. We have never observed a nest, a nesting jack rabbit, or an adult with a litter in a grass-dominated area during the daytime, and in approximately 120 hours of spotlighting of backroads habitats during which we have counted over 5,000 jack rabbits, we have observed an adult with a suckling litter on only one occasion. We conclude that the jack rabbits select open, grass-dominated habitats for feeding at night and then retreat to shrub cover during the day. Similar findings were reported by Fautin (1946) , Lechleitner (1959) , and Haug( 1969) , who thought that the taller, denser canopies provided protection from the sun and from predators. Jack rabbits on the INEL are generalist herbivores, as is evident in their use of a wide variety of food items. Diets varied considerably between areas depending on taxa available. Nevertheless, the rabbits were selective feeders and did not consume plants in proportion to their abundance in the habitat. Our results support those of other investigators who have reported that grasses are the major component of diets when they are available in spring and summer (Currie and Goodwin 1966 , Hayden 1966 , Fagerstone et al. 1980 . Because the diet data for each study site was from a composite pellet sample, the diet probably reflects what was eaten by a number of individuals. Thus, diversity in food items may have resulted from selection of different diets by different individuals or from "sampling" as described by Westoby (1974) . Alternatively, it may reflect diversity within individual diets.
Jack rabbits did not appear to select habitats for specific grass species; rather, they selected open, grass-dominated habitats and then tended to eat whatever grasses were found there, as shown by the positive correlation between the diet/vegetation similarity index and grass cover of the habitat (Fig. 1) . In areas supporting high population densities, jack rabbits foraged even more as generalist herbivores than their counterparts in areas having low population densities. This was probably due to the availability of larger 82 amounts of preferred grasses in those areas having high population densities. Thus, there was a difference in diets between high and low population density areas, but this difference was only apparent when the vegetal composition of the habitats was known.
By selecting grass-dominated habitats for feeding at night, the jack rabbits have easy access to their preferred foods, which may reduce search costs (Westoby 1978) in terms of both time (risk) and energy (Flinders and Hansen 1972) . Jack rabbits in areas having lower proportions of grass cover still selected grasses as their major diet component, but such selective feeding may be less time/energy efficient in comparison to that in the grass-dominated areas.
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